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1. TINTRODUICTION

Computer programs for FE-field, H-field and combined field solutions
for a perfectly conducting body of revolution excited by an obliquely
incident plane wave electromagnetic field are described and listed in this
report. The H~field solution is obtained by applying the method of moments
to the H-field integral equation. The E~field solution is obtained by
applying the method of moments to the F-field integral equation. The matrix
equation for the combined field solution is a linear combination of the
matrix equations for the H-field and F-field solutions. The general theory
and the method of computation are given in reference {[1]. Equations numbers
drawn from reference [1] are preceded by 1-. For instance, (1-3) denotes

equation three of reference [1].

The computer program subroutine YMAT calculates the square moment
matrix foir the H-field solution and is described and listed in Section II.
The subroutine ZMAT calculates the moment matrix for the E-field solution
and is described and listed in Section III., The subroutine YZ calculates
the moment matrices for both the W-field and E-field solutions simultaneously
and is listed in Section IV. The subroutine PLANE calculates the plane wave
measurement vectors and is described and listed in Section V., As shown in
[1], the plane wave excitation columm vectors for the H-fleld and E-field
solutions and hence also for the combined field solution can be expressed in
terms of certain plane wave measurement vectors. A main program which uses
YMAT, ZMAT, YZ, and PLANF to obtain the H~field solution, the E-field solu-
tion, and the combined field solution is described and listed in Section VII.
The final section shows some examples of computations made with the program

and gives a discussion of them,

(1] J. R. Mautz and R. F, Harrington, "H-Field, E-Field and Combined
Field Solutions for Bodies of Revolution," Interim Technical
Report RADC-TR-109, Rome Air Development Center, Griffiss Air
Force Base, New York, March 1977




[T, THE SUBROITINE YMAT

A. Description:

The subroutine YMAT(NN,NP,NPHI,RH,ZH,X,A,Y) stores the matrix

Ytt Yt¢
n n
[Y] = )
N 1)
n n

appearing in the H-field matrix equation (1-17) by colums in Y. The
elements of [Y] are given by (1-31). The input variables are defined

in terms of variables appearing in reference [1] by

NN = n
NP =P
NPHI = N
RH(1) = k¢

ZR(1)

i
"
N

X (k)

2

Ak)

-~

In summary, n denotes ejn¢ dependence, (o;, z;), i=1,2,...P are coordi-
nates on the generating curve, the k which multiplies p; and z; is the
propagation constant, and X and Ak are the abscissas and weights for the

N point Gaussian quadrature integration in ¢.

¢

Minimum allocations are given by

COMPLEX Y (4%N#N)

DIMENSION RH(NP), ZH(NP), X(NPHI), A(NPHI),
D(NG), PD(NG), CR(NPHI), C1(NPHI),
C2(NPHI), C3(NPHI)

COMMON RS(NG), ZS(NG), SV(NG), CV(NG), T(4*N)




where
NG = NP -1

N = (NG-2)/2

The variahles in common make the results of some intermediate calculations

done in YMAT available to the subroutine PLANE described in Section V.

N0 loop 57 puts kdi of (1-28) in n, kpi of (1-27) in RS, kz1 of (1-27)

in 25, sin vy in SV, cos vy ¥2dp
171 ¢

With regard to (1~11) and (1-24) - (1-26), DO loop 25 puts & 91n2(7;),
2 d)k u w
nAksin (??9 cos(n¢k), E-Akcos ¢k cos(n¢k), and E-Ak sin ¢k sin(n¢k) in CR,

C1, C2, and C3 respectively where, as prescribed by (1-37),
s
he =7 (g + D
DO loop 62 initializes Y.

The computation of (1-31) is sequentfal in s rather than ij. .
computation sequential in s is preferable because it does not require
storing (Yl)s, (YZ)S, (Y3)s, or (YA)S versus s, Unfortunately, (1-31)
as it stands tacitly implies computation sequential in 1j. An alternative form

of (1-31) somewhat more suggestive.of computation sequential in s is given by

r~ -y

tt i h
SN (),
dt
(Yn )pq 2p+2 23?2 (Yz)ij
= T To o4 )
(Yt¢) {=2p-1 2p-241 j=2q-1 2q-2+j %)
v 'pq ij
¢
~(Yn )pq ] L(YA)ij |
If (1-38) is true, then
Stt o bt
(5 gy = = (@B
dt o ooedt
(D gy = = (D Dy (3
. of - - to
SR T N (CA TN

in CV, and —7—1——-in PD. DO loop 68 puts (1-29) in T.

ITETERE




where the additioral subscripts ij denote the contribution due to the

ijth term on the right-hand side of (2). From (3)
tt _ tt _ b¢
(O = (00 g = (R )y
ot - ot _ ot
Tppq = (D0 05 = (D )
(4)
thy . to - to
et = (D05 = (D D)
bd = 6o _ tt
SSOOTER (a0 T DU (L S0 IO TN

where the subscript notation i<j denotes the sum of the contributions
due to all terms for which 1 < j§ plus half of the 1 = j term on the
right-hand side of (2). According to (4), it is sufficient to calculate
only the 1<j terms on the right~hand side of (2). Inspection of the
limits of summation in (2) shows that the first term on the right~hand
side of (4) is zero if p > g+l and that the second term is zero if

p < gq-1.

The ijth term of the first of equations (2) contributes

tt k=1,2

T2(p+k—1)+1 T2(q+2—1)+1 £=1,2
L

where p = [(1+1)/2]-2
q = [ (3+1)/2]-2

where [i] denotes the largest integer which does not exceed i. The k=1
term should be omitted from (5) for the first two values of i, and the
k=2 term should be omitted for the last two values of i because the
triangle functions do not overlap at the ends of the generating curve.
Similarly, the £=1 term should be omitted for the first two values of i,
and the 2=2 term should be omitted for the last two values of j. The
last three of equations (2) imply relatioms similar to (5).




The indices 1 and J of nested DO loops 60 and 59 ara respectively
1 and § of (5). DO loop 61 accumulates Gl’ GZ’ and 63 of (1-24)-(1-26)
for T 4 J and .SGl, .5G2, and .5G3 for T = J in G1, G2, and G3. The
(Yl)ij’ (Y2) 13’ (Y3) 13

tions and which are given by (1-32)-(1-35) with the E73—- terms missing
14
and the i=j result halved are put in Y1, Y2, Y3, aud Y4 just after DO

and (Yé) 11 which appear in (5) and slmilar equa-

loop 61. The indices K and L of nested DO loops 32 and 31 are respec-
tively k and £ of (5). The Y(J1), Y(JZ) Y(J3), and Y(J4) in DO loop

tt
32 are respectively (Yn )(p+k)(q+2)’ )(p+k)(q+£)’ (vt )(p+k)(q+1)’

and (¥} ") (o) ()

DO loop 11 carries out (4) for

3,3 J=1
(p,q) =
J,3, Q-1,J), and (J,J-1) J>1

DO loop 11 also adds the contributions to (2) due to the EQE““” terms
i i

in (1-32) and (1-35). In DO loop 11, Y(KD1), Y(KD2), Y(KD3), and
Y(KD4) are the diagonal (J,J) elements of Ytt Y¢t ﬁ? and Yi¢ respec-

tively, Similarly, Y(KU1l), Y{(KU2), Y(KU3), and Y(KU4) are the (J-1,J)
elements while Y(KL1), Y(KL2), Y(KL3), and Y(KL4) are the (J, J-1) ele-
ments. The first Rl in NO loop 1l is the contribution to the diagonal

elements of (2) due to the EYE"" terms. The second Rl in DO loop 11 is
14
the contribution to the off diagonal elements due to the EZE__— terms.
11

Nested DO loops 13 and 14 use (1-39) for (1i,j) = (I,J) to put

(e gy phy s and o0h,
Y(KLB), and Y(KL4) respectively.

1 for j < i-2 in Y(KL1l), Y(XKL2),

A,




B. LISTING CF THE SUBROUTINE YMAT

SUBROUTINE YNMAT(ANJNPyNPHI yRHyZH 3X1A,Y)

COMPLEX Uy Y{1600)19GLlsG2+G34Y14Y2,¥3,Y4

DIMENSICN PH{43),ZH(43)+X{20),A(20),D{42),PD(42),CR(20),C1(20)
DIMENSICN C2(20),C3(20)

CCMMON RS(42),251042),5V142)4CVI42),7(80)

P1=3,141553

BO 57 I=24NP

[2=1-1

DR=RH({I)-RH(T12)

0Z=2H{1)~ZH{12)
D(12)-SQRT(DR#DR+DZ*CZ)
RSI12)=.5#(RH(T)+RH{12)) ng}
ZS(12)=25%(ZH{ 1) +ZH(12)) S
SVII2)=0R/D(12)
CV(12)=C2/CL12) Y
PCI12)=PI/(CII2)%RS(12)) é§3¢
57 CONT INUE *:S?
NG=NF-1
N2=NC-2 NN
N=N2 /2 ;Sig?
Ji=1 ‘Qz.
45=1 ,
DO 68 J=1,N @\’
01=C (J1)
D2=D{J1+1) K
C3=C(J142)
D4=D{J1+3)
DEL1=D1402
DEL2=D34C4
T(./ )=, 5%01%D 1 /DELL
T(J5+41)=(D1+,5402)#D2/DELI
T{J5¢2)=(D4+.54C3)*03/DEL2
T{J5+43)=,5%C4*C4/DEL2
J1=J1+2
15=05+4
68 CONT INUE
P12=.5%P]
FN=NA
DO 25 K=1,NPHI
PH=P I2% (X{K)+1.)
PHN=PH®FN
SN=S IN( .5#PH)
CR{K)=4 ,XSN*SA
R1=P [2%A(K)
CLUK)=,5%R1#CR(K)*COS{PHN)
C2(K)=R1*COS(FH)*CCS (PHN)
C3(K)=RI#SIN(PF)*SIN{PHN)
25 CONTINUE
N2N=N2 &N
NeN=N2N*2
D0 62 J=1,N4N
Y(J’=0.
62 CONTINUE
U=‘00' 1.}
£0 59 J=1,NC
L1=1
L2=2
[F(J.LEL2) L1=2




IF(J.GTWN2) L2=1

JB=J+1

J9=J48/2

JT=2%J94+)~6

J5=(J9-3)%N2-2

i Si=1.

- DO 60 I=1,J

- 18=1+]

[9=18/2

[T=2#[9+]-6

E 46=19+J5

. RP=RS{J)-RSI(I)

IP=2S(J)-2S(1)

R2zRP*RP+7IP%x7P

IF{I.NELJ) CO TO 41

S1=.5

R2=,C625*D{ J)*C 1)

4 41 R3=RS{I)*RS(J)

4 61=0.

[ 6G2=0.
G3=0.
DO 61 K=1,NPHI
R4=R2+R3¥CR(K)
R5=SCRT(R4)
Y1=S1/(R4*R5)#{1.+U*RS)*{COS{RS}-U%SIN{R5)})
Gl=Cl{K)}*Y1+Gl
6G2=C2{K}*Y14G2
G3=C3{K)*Y1+4G3

61 CONTINUE

G3=U=*G3

Y1={RP.2CV{J)-ZP%SVI(J)) %G2-RS (1} *CV{J)*Gl

Y2={RS{EJI*SVITIRCVIJ)=RSCTIISVIII*CVIT)-2P#SV(T)I*SVIJ))*C3

Y3=2F*G3
Y4=(RPCV(1)-2F%SV (1)) %G2+RS (J)*CV (1)*G1
- Kl=1 :
K2=2

TF{l.LF,2) K1l=2
TF(I.GTWNZ) KZ=1
CC 31 L=L1,L2
LT=JT¢L+L
JT=J6+L 2N2
DC 32 K=K1l,K2
KT=]1 T+ K+K
TT=TALY)}*T(KT)
J1=J7+K
J2=J1+N
J3=J1¢N2N
- Ja=J33+N
Y{J1i=TTAY1+YLJL)
Y{J2)=TT*Y24Y(J2)
g . Y(J3)=TT#Y34Y(J3)
: Y34 )=TTrY4eY (J4)
32 CONTINUE
31 CONY INUE
60 CONTINUE
59 CCNTINUE
NZP=N2+1
KDl=1
Ji=1
J5=1

e TS : '
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DO 11 J=1,N
KD2=KD1 ¢N
KC3=KDL#A2N
KC4=KD3+N
R2=T(J1+1)
R3=T{J1+2)
R4a=T {J1+3)
Jé6=J5+1
Rl=T(J1)*T{JL1I%PD(IS)I+R2*R2XPD{JIHI+RIRRIAPD(J6+L Y +R4FRL*PC {J6+2)
Gl=Y{KD1)~Y{KD4)
Y{KD1)=R1+G1
Y{KD2)=0,
Y{KD3) =0,
Y{KD4)=R1~-G1
IF{J.EQ.1) CO TO 22
KUl=KD1~-1
KU2=KD2-1
KU3=KD3-1
KU4=KD4~1
KL1=KD1—-N2
3 KL2=kD2~N2
] KL3=KD3~-N2
3 KL4=KD4-N2
R1=T(J1)*T{J1-2)%PD(J5)+R2*T {J]1-1)%PD{J6)
Gl=Y{KUL1l)-Y(KL4)
G2=Y {KU4)-Y(KL1)
Y{KUl)=R1+G1
Y{KU2)=Y(KU2)=-YIKL2)
Y{KU3)=YIKU3)-Y(KL3)
Y{KU4)=R]14G2
Y{KL1)=R1-G2
Y{KL2)=—-Y{KL2)
Y{KL3)=-Y{KU3)
Y(KL4}=R]1-G1
22 KD1=KD1+#N2P
Jl=J1+4
J5=J5+2
11 CONTINUE
IF{N.LT.3) RETURNA
J2=N2
00 13 I=3,N
J2=J24¢N2
Jil=[-2
KLl=1
DO 14 J4=1,J1
KUl=Jd2+J
KU2=KU1+N
KU3=KU1&N2Z2N
KU4=KU3 +N
KL2=KL]1+N
KL3=RL14#N2N
KL4=KL3 4N
- YIKL1) ==Y {KL4)
YIKL2)=-Y({KU2)
Y{KL3)=-Y{KU2)
Y{KL4)==Y(KL])
KL1=KL1#N2
14 CONTINUE
- 13 CONTINUE
RETURN
END

A SISt oo 10 e K Y 01 Tl




II11. THE SUBROUTINE ZMAT

A, Description

The subroutine ZMAT (NN, NP, NPHI, RH, ZH, X, A, Z) stores the

matrix

gtt 2t0
n n
[z] = ' (6)
L0t 00
e n n o~

appearing in the E-field matrix equation (1-57) by columns in Z. The
elements of {Z] are given by (1-69)-(1~72). The input variables are
defined in terms cof variables appearing in reference [1] by

NN = n
NP = P
NEHI = N,
RF(1) = kp'i‘
ZH(1) = kzj
X(k) = x
ACk) = A

In summary, n denotes ejn¢ dependence, (p;, z;), i=1,2,...P are coordi-~
nates on the genmerating curve, the k which multiplies p; and z; is the
propagation constant, and X and Ak are the abscissas and weights for the

N, point Gaussian quadrature integration in ¢.

¢

Minimum allocations are given by

COMPLEX Z(4*N*N)

DIMENSION RH(NP), ZH(NP), X(NPHI), A(NPHI), D(NG),
TP (4*%N) , CR(NPHI), C2(NPHI), C3(NPHI), C4(NPHI)

COMMON RS (NG), ZS(NG), SV(NG), CV(NG), T(4*N)




where

NG

NP-1

N = (NG-2)/2

The variables in common make the results of some intermediate calculations
done in ZMAT available to the subroutine PLANE described in Section V.

DO loop 57 puts kdi of (1-28) in D, kpi of (1-27) in RS, kzi of (1-27)

in 2S, sin v, in SV, and cos v, in CV. DO loop 68 puts (1-68) in TP and

i i

¢
(1-29) in T. With regard to (1-62)-(1-65), DO loop 25 puts 4 sin2 (7;),

%-Ak cos ¢k cos (n¢k), %-Ak sin ¢k sin (n¢k), and g-Ak cos (n¢k) in CR, C2,

€3, and G4 respectively where, as prescribed by (1-75),
n
b = 7 (D)

DO loop 62 initializes Z.

Equation (1-69) can be rewritten as

" 242 2q+2
(Zn )pq = § 1=g;-1 st {TZp—2+i Tzq_2+j(cssin v,sin vj + G,cos v, cos vj)

- T '
TZp-2+i TZq—2+jcé} N

where G4 and G5 are evaluated at (p,z,p',2") = (pi’zi’pj’zj)' From (7) and

t
Z ¢) , and (Zg¢)pq, we obtain

t
similar equations for Z¢
q ¢4 )pq. (Z pq

tt Tt
(@5 0y = (225 )

qp” ji
ot - té
((zn )pq)ij ((Zn )qp)ji (8
o - $¢
((zn )pq)1j ((Zn )qp)ji

10



where the additional subscripts 1i,j denote the contribution due to the
ijth term on the right-hand side of (7) and similar equations. Equa-

tion (8) implies that

te

_ tt tt
(2 = (D 0y g+ (gD )y
0ty o (g0t - gt
(209 = (D, - (g )y
9
tdy  _ o td 0t
AR IR CAR T JUER (A TN T

i

$d ¢ L)
(@, )pq «z, )pq)iij + Uz )qp?iij

where the subscript notation i<j denotes the sum of the contributioms
due to all terms for which i1<j plus half of the i=j term on the right-
hand side of (7) and similar equations. -According to (9), it is suf-
ficient to calculate only the i<j terms on the right-hand side of (7)
and similar equations. Inspection of.the .limits of summation in (7)
and similar equations shows that the first term on the right-hand

side ¢i (9) is zero if p > g+l and that the second term is zero if

P < q-l.

The ijth term of (7) and similar equations contributes

, , tt
(z1) + Tz(p+k—l)+iT2(q+2—1)+j(ZIA)} to (2, )(p+k)(Q+Q)'

Ty (prik-1)+1T2(q+2-1)+
' ¢t
T) (ptc-1)+1 1 T2 (qa-1)+3 B2+ To(gqag-1)43 B2} to (1) iy (q+0)?
n o (10)
T qre-1)+i T2 (prk-1) 41 23 * T2 (pak-1)41 (Z3M} €0 (2D iy () ?

and k=1,2

d¢
T (pc-1) +1 T2 (q+a-1)+1 %4 £0 (207 (hiy (qte) { 2=1,2

11
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21 = j(Gssin visin v, + G&cos v,co8 Vv,)

h| i ]
Z1A = -JGA
22 = - G6sin vj
n
22A = - — G
ko, 4
(11)
23 = Gssin vy
= S
Z3A = &p GA
3
n2
= G. - G
2= 3005 - 7o 5 0
In (10),

p = [(1+1) /2] - 2
q = [(§+1)/2] -~ 2

where [1] denotes the largest integer which does not exceed i. The k=1
term should be omitted from (10) for the first two values of i, and the
k=2 term should be omitted for the last two values of i because the tri-
angle functions do not overlap at the ends of the generating curve.
Similarly, the 2 = 1 term should be omitted for the first two values of
j, and the £ = 2 term should be omitted for the last two values of j.
The indices I and J of DO loops 60 and 59 are respectively i and

j of (10). DO loop 61 accumulates G4, GS’ and G, of (1-62)-(1-64) for

6
5 and .SG6 for T = J in G4, G5, and G6. The 2's
defined by (11) for I # J and these Z's divided by two for I = J are

I # J and .5G4, +5G
put in Z1, G1, 22, G2, 23, G3, and Z4 just after DO loop 61. The
indices K and L of nested NO loops 32 and 31 are respectively k and

2 of (10). The Z2(J1), 2(J2), Z(J3), and Z(J4) in DO loop 32 are

12




T,
S P

tt ot te
respectively (Zn )(P+k)(q+£)’ (zn )(p+k)(q+l)’ (Zn )(p+k)(q+£)’ and

$¢
(Zn )(p+k)(q+2)‘

DO loop 11 carries out (9) for

(J)J) J=1

(p,q) =
J,n,3-1,J), and (J,J-1) J>1

In DO loop 11, Z(KD1), Z(KD2), Z(KD3), and Z(KD4) are the diagonal

Z:t Z§¢, and Z§¢ respectively. Similarly,

Z(KRUl), Z(XU2), Z(KuU3), and Z(KU&4) are the (J-1,J) elements while
Z(KLl), Z2(XL2), Z(KL3), and Z(KL4) are th~ (J,J-1) elements.

(J,J) elements of th,

Nested DO loops 13 and 14 use (1-76) for (i,j) = (I,J) to put
tt ot té $¢ : -
(z27),.» (7 )11, (Zn )ij’ and (Zn )11 for i < i-2 1in Z(KL1), Z(KL2),

n "1j
Z(KL3), and Z(KL4) respectively.
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B. LISTING OF THE SUBROUTINE ZMATY

SUBRQUTINE INVATINNGNPoNPHI qRHyZH ¢X oAy )
COMPLEX U,Z(lﬁCO’!Gl'G2'G31G4'GSQG6'21,22913114
DIMENSICA RH(43’vZH(43’QX(ZO’9A(20)v0(42‘v79(80)cCR(ZO’vCZ(ZC)
DIMENSION C23(2C),C4(20)
COMMEN RS(42)+25(42)45V{42),CVL42),T(80)
PI=3.141593
DO 57 1=24NP
[2=1-1
DR=RH(I }-~RHI{I2)
C2=7IH{1)-2H(12)
D(12)=SQRT(DR*DR+D2*DZ)
RS(I2)=.5*(RH{T)eRH(I2))
15€12)=.5% (2 1) +2H12))
svii2)=DR/D(12)
cvii2)=02/0(12)

57 CCNTINUE
NG=NP-1
N2=NG-2
N=N2 /2
Ji=1
Js=1
DO 68 J=1.N
Dl=D(J1)}
02=0(J1¢1}
D3=D{J1+2)
Ca=C(J143)
DELL=D1+4D2
DEL2=D34D4
J6=J5+1
JT=J6+1
JB8=JT+1
TPLJ45)=D1/DELL
TP{J6)=D2/DEL]
TPLJIT)I=~L3/CEL2
TPLJ8Y=—D&/CEL2
T(JS5)=.5D1*TPLIS)
T(J6)=(01+,52C2}1*TP{J6)
T(JT7)=—(Da+ . S*( 3)=TP{IT)
T(JB)=—.5%04*TP(J48)
Ji=J142
J5=45+4

68 CONYINUE
P12=.5%P1
FN=NN
NG 25 K=1,NPHI
PH=PI2%(X{K)¢+1l,.)
PHN= PH*EN
SA=SIN{ .5%Pt )
CR{K )=4 ,#SN*SN
R1=P12%A{K)
C2{K)=R1*COS{PH)*COS{PHN)
CI(KI=RIESINCEFI*SIN(PHN)
C4lK)=R1*CCS(PEN)

2% CONTY INUE
NZN=N2 %N
NeA=N2N*®2
DO 62 J=1yN4N
24(4)=0,

14
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62

41

61

CONY INUF

U=(0esle)

DO 59 J=14NG
FJ=FN/RS (J)

Li=1

L2=2

IFlJ.LEL2) LL=2
IF{J.GTN2Y L2=]
J8=J ¢l

J9=48/2
JT=2%J9+ -6
J5=(J9-3 ) %N 2~2
Si=1.,

CO 60 I=1,J

18=1+1

19=18/72
IT=2%19+1-6
J6=19+J5
FI=FN/RS(]1)
RP=RS{I}-RS{1)
IP=ZS(J4)¥-1S(1)
R2=RP*RP+2P%2P
IF{INEJJ) GC TO 41
Sl=45
R2=,0625*C{J)20 ()
R3=RS{I)*RS(J)
G4=0.

G5=0.

G6=0.

D0 61 K=14NPHI
R4=R2+R3* (R (K)
RS=SCRT(R4)
21=S1/RS5*¥{CCSIRS)-U*SINIRS))
G4=CalK)I=*Z1 4G4
GS=C2(K)*L14G5
G6=C3{K)*214Gh
CCNTINUE
Z1=U*(SV(1) #SVII%GS+CVITI*C VLI )*G4)
Gl=-UxG4
L2=-SV{J)*G6
G2=—-FI%G4
23=5v{1})*G6

C3=F 2G4
14=U*{GS-FI%G3)
Kl=1

K2=2

IF{lLEL2) Kl=2
IF{L.GTaN2) K2=1
00 31 L=tl,tL2
LT=JT4L 0t
JT=J6+L *N2

DO 32 K=K]l,Kk?
KT=1 T+ KX

TV=TILT )ATLKT)
J1=J7+K

J2=J1*N

J3=J1+N2N

Ja=J3+N
ZEJL)=TT8Z 1 TPLLTIRTP{KTI®GL+Z(J1)
ZOJ2)=TYR224TE (LT IAT (KT)*G2+2(32)

15
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32
31
60
59

22
11

14
13

Zid3)=TT%Z34TPIKT)AT(LT)I*G3+2(J3)

2(34)=TT%24+7( J4)
CCNTINUF

CONT INUE

CONTINUE

CONTINUE

N2P=N2+1

KD1=1

DO 11 J=1,N
KC2=KO1+N
KD3=KD1+A2N
KD4=KD3I¢N
Z(KD1Y=2(KDL)+2(KD1)
2(KD2)=2(KD2)-2(KD3)
2iKD3)=~Z{(KD2)
ZIKD4)=2(KD4}+Z2{KD4)
IF{J.EQ.1) GO YO 22
KUl=KD1~1

Ky2=KD2-~1

Ky3=Kn3-1

KU4=KD4~-1

KL1=KD1-N2
KL2=KD2-N2
KL3=KD3-N2
KL4=KD4~-N2
Z{KUL)=2(KUL1)#2Z(KLL)
ZEKU2)=Z2(KU2)-Z{KL3)
2IKU2)=Z2{KU2)-Z{KL2)
ZIKUA)Y=Z{KU4)+2(KL4G)
ZIKL1)=2(KUL)
Z{KL2Y=~Z{KU3)
Z{KL3) =—2(KL2)
ZIKL4Y=2(KU4)
KC1=KD14N2P
CONTINUE

IF{N.LT.3) RETURN
J2=N2

DO 13 I=3,N

J2=J2+N2

Jl=1-2

KLl=1

00 14 J=1,J1
KUl=J2+d

KU2=KU1+N
KU3=KUL+A2N
KU4=KU3+N

KLZ2=KL1+A
KL3=KL1+#A2N
KL4=KL3+N
Z(KL1Y=24KU1)
ZIKL2)=—2{KL3)
Z{KL3)=-2(KU2)
L{KL4)Y=2(KU4)

KL l=kKL1eN2

CCNT INUE

CONTINUF

RETURN

END

16
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IV, THE SUBROUTINE YZ

A. Description:

The subroutine YZ(NN, NP, NPHI, RH, ZH, X, A, Y, Z) stores by
colums (Y] of (1) appearing in the H~field matrix equation (1~17) and
{Z] of (6) appearing in the E-field matrix equation (1-57) in Y and Z
respectively. The subroutine YZ is the subroutines YMAT and ZMAT com-
bined into one subroutine. If hoth [Y] and {Z] are required, some
compile time and execution time can be saved by using YZ instead of
YMAT and ZMAT. However, YZ requires that [Y] and [Z] be stored
simultaneously whereas YMAT and ZMAT do not necessarily requlire separate

storage locations for [Y] and [Z].

The input variables NN, NP, NPHI, RH, ZH, X, and A have the same
meaning as in the subroutines YMAT and ZMAT.

Minimum allocations are given by

COMPLEX Y(4*N*N), Z(4*N*N)
DIMENSION RH(NP), ZH(NP), X(NPHI), A(NPHI), D(NG),
PD(NG), TP(4*N), CR(NPHI), C1(NPHI), C2(NPHI),
C3(NPHI), C&4(NPHI)
COMMON RS(NG), ZS(NG), SV(NG), CV(NG), T(4*N)
where
NG = NP-1

N = (NG-2)/2

The variables in common make the results of some intermediate calculations
done in YZ available to the subroutine PLANE described in Section V.

Because all variables used in YZ can be traced back to YMAT and
ZMAT, anyone who has gone through YMAT and ZMAT should have no trouble
with YZ.

17




LISTING CF THE SUBRCUTINE YZ

SLBRCUTINE YZ(NAGNPyNPHI,RHy ZHy XgAyYy2)
COMPLEXUyY{1600) 4Z(1600) yGL 162463 9G4+G54G6 1Y 14Y2 Y3, Y4y21422,23,24
DIMENSION RF(42),ZH(43)4X(20),A(201,D(42),PD(42) ,TPLBO) 4CR(20)
DIMENSTCN C1420),C2(221,C3(20),C4(20)
COMMON RS(4Z2),25(42) ,SVL42) 4CV(42)4T(80)
P1=3,141593
DC 57 1=2,NP
12=1-1
DR=R+-(I)-RH{12)
DZ=ZH{1)-ZH(12)
DU12)=SQRT (DR#CR+DZ%CZ )
RS(12)=45% (RHUT)4RH{12))
2S(12)= 5+ (ZHITV+ZH(12))
SVI121=CR/D(12)
CV(12)=02/D(12)
PO{12)=PI/(C(I2)*RS{12))
CCNTINUE
NG=NP-1
N2=NC-2
N=N2 /2
Ji=1
J5=1
00 68 J=1,N
01=0(J1)
D2=0(J1+1)
03=0(J1+2)
04=D(J1+3)
DEL1=D1+02
DEL2=D3+C4
J6= 45+l
J7=d6+1
J8=47+1
TPUJ5) =01/DELL
TPLJ61=D2/DEL]
TP(JT)=~C3/CEL2
TP(J8) ==D4/CEL2
T(JS5 )=, 54D14TP (45)
T(J6)=(D14.5%C2)15TPL J6)
T{IT)==(D4+.5403)*TP(JT)
T(J8 == ,5%D4*TP (JB)
J1=J1+2
J5=45¢4
68 CCNTINUE
PI2=,5%pP]
FN=NN
DO 25 K=1,NPHI
PH=P I2%( X(K1+1,)
PEN=PH%®FN
SN=SIN{, 5%PH)
CRIK =4, #SN*SN
R1=PI2%A(K)
C1{K)=4S*RL¥CR (K)*COS{ PHN)
C2{K)=R1*COSLPH)I*COS(PHN)
C3(KI=R1*STN(PH)KSIN{PHN)
C4(K =R 1#COS(PEN)
25 CCONTINUE
N2N=N2*N
N4N=N2N#2 18
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DO 62 J=1,NaN
Y(J3)=0,
Z4J4y=0. o
62 CONTYINUE
Uz{0eyls)
DO 59 J=1.NGC
FJ=FN/RS(J)
L1=1
L2=2
IF(JLEL2) L1=2
IF{J.GTN2) L2=1
JB=J+l
J9=J48/2
JT=2%J9+4¢J-6
J5=(J9-3)*N2~-2
Si=1.
DO 60 I=14J
[8=1+1
[19=18/2
1T=2%19+1-6
J6=19+J5
FI1=FN/RSLI])
RP=RS{JI-RSLI)
2pP=2S(J)-ISt1)
R2=RPRRP+2P%]P
[FUI NE.J) CO TO 41
S1=.5
R2=.C625*D(J)%*C{J)
41 R3=RS{IIMMRSJ)
G1=0.
G2=0.
G3=0.
G4=0.
G5=0.
Gb=0.
CO 61 K=14NPHI
R4=R2+RI*(R(K)
R5=SCRT(R4)
Z1=S1/RS*{CCS{R5)-U*SIN(RS))
Yl=21%{1.+U*R5)/R4
Gl=Cl{KI*Y1+G]
G2=C2{K)*Y14G2
G3=C3{K)*Y]1+G3
E G4=C4lK) 21464
§ G5=C2(K)#Z14C5
£

G6=C3(K)*21+Gé6

61 CONTINUE
G3=U%G3
Y1={RP*CV{J)I-ZP*SV{JI) ) *G2-RS(I)*CVIJI*Gl
Y2=(RSUJI*SVITI*CVII )-RSETI*SVII)I*CVIT)=ZP*SVII)*SV(J) ) *G3
Y3=71P%G3
Y4=(RP*CVII)-ZF*SV{I1)) *G2+RS {J)*(V{I)*Gl
Z1=U*(SVII)2SV (J)*GS+CVITI*CV(J)*G4)
Gl=-L*G4
22=-5V(J)*G¢E
G2=~FI*G4
23=SVIT1)*Go
G3=FJ*G4
24=U*{ GS-FI%G3)
Kl=1 19
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K2=2
IF{I.LEL2) Kl=2
IF(I JGT N2} Kz=1
o DO 31 L=L1,.L2
LT=3T¢L 4L
JT=J6+L*N2
DO 32 K=K1l,K2
KT=1TeK4K
TT=TALTI*T {KT)
J1=J7+K
J2=J1+N
J3=J1+N2N
J4=J 3+N
Y(JLI=TTay1+v (J1)
Y{J2)=TT*Y2+Y1J2)
Y{J3)=TTxY3+Y(J3)
Y{Ja)=TTxY44Y {J4)
201 )=TTHZL+TPLT)I*TP{KT)®G1l+Z{J1)
22 )=TT*ZI2+4TF(LT ) 2T (KTI2G2+2(42)
Z4J3)=TT*Z3¢TR(KTIXTILTIXG3+2(J3)
2{(Ja)=TT2724472(J4)
32 CCNTINUE
31 CONTINUE
60 CONT INUE
56 CONTINUF
N2P=N2+1
KD1=1
J1=1
J5=1 :
DO 11 J=14N
KD2=KD1+#N
KC3=KD1+N2N
KD4=KD3+A\
R2=T (J1+1)
R3=T {J1+42)
R4=T{J1¢3)
J6=J45+1
B R1=T{J1 12T (J1)#PDUUS I+ R2%R2%PD(J6)#RIRRIXPD(J6+L ) +R4GFBR4LAPD( J64+2)
Gl=Y(KD1)-Y(KD4)
Y(KD1)=R1+G1
* Y{(KD2)=C,
Y{KD3)=0,
Y{KD4)=R1-G1
b ZIKD1)=Z(KD1)+Z(KD1)
Z(KC2)=2{(KC2)-21KD3)
Z{KD3)=~Z(KD2)
b Z{KD&4)=Z2{KD4)+2{KD4)
IF{J.EQ.1) €¢C T0O 22
KUl=KD1-1
- KU2=KD2~1
KU3=KD3~1
KU4=KD4~1
- KL1=KD1-~-N2
KL2=KD2-N2
KL3=KD3~-N2
- KL4=KD4-N2
Ri=TLILI*T(J1-2}%PD(JS)#R2.T{J1~1)}%PDL J6)
Gl=Y {KULl )=V {KL4)
- G2=Y(KU4)-Y{KL])
Y{KUL1)=R1¢G1
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22

11

14
13

YI{KU2)=Y(KL2)~-Y(KL2)
Y{KU3)=Y(KU3)-Y(KL3)
Y(KU&)=R1+4G2
Y{KL 1} =R1-G2
Y(KL2)=-Y(KL2)
Y{KL3)==Y{KUL3)
Y{KL4)=R1-G1
ZIKULY=Z(KU)+Z2{KL])
ZEKU2)=2(KU2)-2{KL3)
2{KU3 ) =2(KU3)~-Z(KL2)
ZIKU4LY=2(KUG)+2(KLS)
ZIKL1)Y=Z(KUL)
Z(KL2)=—2(KL3)
ZIKL3)=—2(KL2)
ZIKL4)=Z{KU4)
KD1=KD1+4N2P

Ji=J1l¢4

J5=J5+2

CONT INUE

IF(N.LT,.3) RETURN
J2=N2

DC 13 I=3,N
J2=J2+¢N2

Ji=1-2

KL1=1

00 14 J=1,J1
KUl=J2+¢J

KU2=KU1+N
KU3=KU1+N2N
KL4=KU3 +A

KL2=KL1+N
KL3=KL1+N2N
KL4=KL3+N
Y{KL1)=-Y{KU4)
Y{KL2)==-Y{KU2Z)
Y{KL3)=—-Y(KU3)
Y{KL4)==-Y(KUL)
ZIKL1)=Z{KUL)

ZIKL 2)=—-2(KU2)
ZIKLI)=~21KU2)
ZIKL4Y=2(KU4&)
KLI=KL1+#N2

CCNT INUE

CONT INUE

RETURN

END

21
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V. THE SUBROUTINE PLANE

A. Description.

The subroutine PLANE(NN, N, NT, THR, R) stores by colums in R
the matrix [R] given by

RO gt
n n
[R] = (12)
%06 %90
n n

where the elements of the column vectors on the right-hand side of (12)
are given by (1-95). The input variables NN and N are respectively n
of (1-95) ard the maximum value of i in (1-95). If NT = 1, then THR(1)

is er of (1-95) in radians. If NT > 1, then the measurement matrices
[R] of (12) for er

THR(I), £ = 1,2,...NT are stored consecutively in R.
The variables RS, 2S, SV, CV, and T appearing in the common statement
early in the subroutine PLANE are input variables calculated by calling
any one of the subroutines YMAT, ZMAT, or YZ beforehand. The calculated

values of these variables depend only on the second, fourth,and fifth arguments
(NP, RH, and ZH) of either YMAT, ZMAT, or YZ.

Minimum allocations are given by
COMPLEX R(&4*N*NT)

DIMENSION THR(NT), BJ(M)

COMMON RS(NG), ZS(NG), SV(NG), CV(NG), T(&4*N)
where

NG = 2*%N + 2

and M is the largest of the values of M calculated by PLANE. The sug-
gested allocation BJ(50) will work if the maximum circumference of the

body of revolution is less than 26 wavelengths.

We rewrite (1-95) as
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R

where

that

for

and

]

Rte

np

$6
th 2p+2

T
i=2p-1 i+2p-2
R
np

R%¢
np

> s

n
7] (—ZJnsin ercos v+ (‘Tn+1 - Jn-—l) cos ersin v)e

- vjn(Jn+1 + Jn_l)cos er e

n jkz cos
3 (Jn+1 + Jn_l)sin ve

jkz cos 6
T

J e

(G n-1

n+l

In (14), p,z, and v are to be evaluated

T1+2p_2R1 contributes

Ti+2p—2R2 contributes

Ti+2p—2R3 contributes

Ti+2p-2R4 contributes

i+1
= [5=1-1

i+1
p=[2]

)
r

at

to
to

to

Re

t

o8
g9

RE®

(13)

d

jkz cos 6
r

jkz cos 8
T

(14)

=t Equations (13) say

ic

np

np

ap and

R

Because the triangle functions do not overlap at the ends of the penerating

curve, the first value of p must be discarded if i is either 1 or 2 and the

23
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second value of p must be discarded if i is either 2*N+l or 2#N+2.

In DO loop 12, er of (14) 1is THR(L). DO loop 13 evaluates (14) at
t= tI. The logic in DO loop 13 prior to statement 24 puts the Bessel
functions Jn_l(x), Jn(x), and Jn+l(x) in BJ1, BJ2, and BJ3 respectively

where

X = ka sin er

Choosing M so large that the magnitude of JM_l(x) is around 10—8, we
start with

JM—l(x) = 0

JM_Z(x) = ]

and use the recurrence relation
I =R -T (%) (15)
n-1 X n n+l

as given by (9.1.27) on page 361 of reference [2] to calculate Jn(x)

for n = M-3, M-4, ... 0 and then normalize Jn(x) according to

1= Jo(x) + 2J2(x) * 2J4(x) + 2J6(x) + ... (16)

as given by (9.1.46) on page 361 of reference [2]. Statement 24 and the
6 statements following it put Rl’ R2, R3, and R4 of (14) in R1, R2, R3
and R4 respectively. DO loop 20 adds the contributions to (13) for i = I
and

p = [F54] + K2

[2] M. Abramowitz and I. A. Stegun, "Handbook of Mathematical Functioms,"
U. S. Govt. Printing Offire, Washington, D. C. (Natl. Bur. Std. U. S.
Applied Math. Ser. 55), 1964,
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8. LISTING CF THE SUBROUTINE PLANE

SUBRCUTINE PLANE(NN Ay NTTHR,R)
COMPLEX R{240),U,Ul4U2+R1L4R24R34R4
DIMENSION THRUI2),84(50)
CCMMCN RS{42)425142),SV042),CV{42),T(80)
N2=2"N
NG=N2+2
U=(0svl.)
Ul=3,141593%U*aNN
JR=4%NENT
DO 22 J=14JR
R{J}=0.
22 CCNTINUE
J5=-2
00 12 L=1,N1
CS=CCS{THR{L))
SN=2 &S IN(TER(L))
DC 13 [=1,NG
X=425%RS{1)*SN
IF(XeLEseS5E~T) GO TO 18
ﬂ=20 E*X" 13."2./X
[F{XelTee5) M=10.8+AL3G10(X)
IF{M.GE.{NN+2)) GC TC 19
18 BJ1=C.
BJ2=0.
BJ3=C.
IF(NN.EQ.1) BJl=1.
IF{NN.EC.O0) BJ2=1,
GO 10 24
19 8J(M)=0,
JM=M~1
BJlIM)=1,
CC 14 J=3,M
JM=JM~1
BILIMI=JIM/XABI(IM+1)-BI{IM+2)
14 CCNTINUE
$5=0.,
D3 15 J=3.M,2
S=S+8J41J)
15 CONTINUE
S=BJ(L)42,.%*S
BJ2=BJ(NN+1)/S
- BJ3=BJ(NN#2)/S
BJ1=-8J3
IFINN.GT.0) RJ1=BJINNI/S
24 ARG=1S({1)=%*CS
U2=U 1% COS{ARG) +UXSINCLARG))
R4=(BJ3-BJ1)*U2U2
g R2=(BJ34BJ1)*U2
R1=—BJy2#CV( 1 )*SN*U2+CSASVII) R4
R3=SV{I)*R2
- R2=-CS*R2
19=(1+1}/2
17=2%[9+¢]-6
JT1=19¢+J5
Kl=1
K2=2
IF{T«GTN2) K2=1

25
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B0 20 K=K1l,.K2
Ti=T{IT+KeK)

Jl=J 74K

J2=J1+N

J3=J2+N

Ja=JI¢N
R{UJ1I=TT*RL4R(J1)
R{J21=TTAR24R{ J2)
R{JIII=TTAR3I+R{1J3)
RUJ4)=TTxR4+R(J4)
CONT INUE
CONTINUE

JS5=J4~2

CONT INUE

RETURN

END
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VI. THE SUBROUTINES DECOMP AND SOLVE

A, Description:

Thea subroutines DECOMP(N,IPS,UL) and SOLVE(N,IPS,UL,B,X) solve a
system of N linear equations in N unknowns. These subroutines will be
used in Section VII to solve the H~field matrix equations (1~17), the
E-field matrix equations (1-57) and the combined field matrix equations
(1-88). The input to DECOMP consists of N and the N by N matrix of
coefficients on the left-hand side of the matrix equation stored by
colums in UL. The output from DECOMP is IPS and UL. This output is
fed into SOLVE. The rest of the input to SOLVE consists of N and the
colum of coefficients on the right-hand side of the matrix equation

stored in B. SOLVE puts the solution to the matrix equation in X.
Minimum allocations are given by
COMPLEX UL(N*N)
DIMENSION SCL(N), IPS(N)
in DECOMP and by

COMPLEX UL(N*N), B(N), X(N)
DIMENSION IPS(N)

in SOLVE.

A aescription of DECOMP and SOLVE is on pages 46-49 of reference [3].

[3] J. R. Mautz and R. F. Harrington, "Transmission from a Rectangular
Waveguide into Half Space Through a Rectangular Aperture," Interim

Technical Report No. 12, Rome Alr Development Center, Griffiss Air
Force Base, New York, August 1976.
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LISTING CF THE SUBROUT INE DECOMP

SUBROUT INE CECCMP{Ny IPS,LL)
COVMPLEX ULL160C)HPIVOT 4EM
DIMENSION SCL{40),1PS(40)
00 5 I=1,N

[pPSt1)=1

RN=0,

Ji=1

DO 2 J=14N
ULM#ABS(REAL‘UL(JI’,)*ABS(A‘HAG‘UL(J!”’
Jl=Jl+N

IF(RN-ULM) 1,242

RAN=ULM

CONTINUE

SCL{I)=1 /RN

CONTINUE

NMl=N-1

K2=0

DO 17 K=1l,4NVM1

B816=0.

DO 11 I=K,N

1P=1PS{1)

1PK= 1P #K2

IF{SIZE-BIG) 11,11,10
BIG=SIZE

1pv=1

CONT INUE

IF(IPV-K) 14,15,14
J=1PS{K)
1PS(KI=IPS(IPV)
[psSLIPvVyY=J
KPP=1PS{K)+K2
PIVOT=ULIKPF)
KP1=K+1

DO 16 1=KP1sN
KP=KPP
IP=1PS{I)+K2
EM=-UL { IP)/FIVOT
LI P)=—EM

N0 16 J=KPLl,N
[P=1P+N

KP=KP+N
ULEIP)=UL( TP )+ FMRUL(KP)
CCONT INUE

K2=K 24N

CONT INUE

RETURN

END

LISTING CF THE SUBROUTINE SCLVE

SUBROUTINE SCLVEIN,IPSsULsBy X)
CCMPLEX ULU16CC)4BL40) 4X{40) o SUM
CIMENSION IPSU40)

NPL=N+1

1P=1PS(1)

x{1)=8(1P)

DO 2 I=2¢N
28

SIZE=(ABS(REAL(UL(IPK)))+ABS(AIHAG(UL(IPK)))'*SCL(IP)
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ST YL 1 B RS

IP=IPS(I)

IPB=1P

IMi=1-1

SuUM=_C,

DO 1 J=1,1M1
SUM=SUM+LLLIP)I*XT{J)
[P=]P+N
x{(1}=B{1PR)-SUV
K2=N*{N-1)
1P=IPSIN)+K2
XIN)Y=XIN)ZULCIP)
00 4 IBACK=24N
I=NP1-1BACK
K2=K2-N
IPI=1PS{I)+K2
IPL=1+1

SuM=C_,

IP=1P] -

D0 3 J=1Pl,N
IP=1P+N
SUM=SUM+UL (TP )*X{))

i) =(X(I}-StLvy/suLtirl)

RETURN
END

29

il g,



VII. THE MAIN PROGRAM

A, Description:

The main program uses all the subroutines listed in Sections II-VI
to evaluate the surface currents (1-109) at one specified value of ¢ for
both 0 and ¢ transmitter polarizations and to evaluate the scattering cross
section (1-111) at one specified =7 2 of ¢r for the four different combi~
nations of transmitter and receiver polarizations. The main program is not
general enough to meet every user's needs. Its main purpose is to give an
example of how these subroutines can be used and to provide the use: with
sample output from them so that he can be sure that they are working

properly.
Input data is read from punched cards according to

READ(1,51) NM, NP, NPHI

51 FORMAT (313)
READ(1,50) BK, TT, P, TR, PR, ALP

50 FORMAT (5E14.7)

. READ(1,46) (RH(I), I = 1, NP)

READ(1,46) (ZH(I), I = 1, NP)

46 FORMAT (10F8.4)
READ(1,50) (X(K), K = 1, NPHI)
RFAD(1,50) (A(K), K = 1, NPHI)

The above input variables are defined by

NM = one plus the maximum TR = er
value of n in (1-109) and (1-110) PR = ¢r

NP =P ALP = ¢
NPHI = N, RH({) = kp;
BK = k ZH(1) = kzg
T = et X(k) = X

P =y A(k)=Ak

where all variables on the right-hand sides of the above equations appear
in reference [1]. According to reference {1], n denotes ej“¢ dependence,
(p;, z;), i=1,2,...P are coordinates on the generating curve, k is the

propagation constant, Ot is the colatitude of the transmitter, and ¢ is
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the longitude at which the surface current is evaluated. The angles 6r and
¢r are thecolatitwde and longitude of the receiver. The real constant o is
the relative weight of the E-~field integral equation in the combined field
formulation. Finally, X and Ak are the abscissas and weights for the N¢
point Gaussian quadrature integration in ¢. All angles read into the main
program are in degrees.

Minimum allocations are given by

COMPLEX TJ(6%N), PJ(6*N), RT(4*N), RR(4*N),
Y(4*N*N), Z(4*N*N), B(2*N), C(2*N)
DIMENSION RH(NP), ZH(NP), X(NPHI), A(NPHI),

THT(1), THR(1), R2(N), IPS(2*N)

where

N= (NP - 3)/2

The surface current printed by the main program is not (1-109) per se,
but (1-109) divided by the propagation constant k. The heading above the
surface current in the printed output denotes real and imaginary parts and
t and ¢ components. As further identification, NHEC=1 denotes the H-field
solution, NHEC=2 denotes the E-field solution, NHEC=3 denotes the combined
field solution, KT = 1 denotes a 6 polarized transmitter, and KT = 2 denotes
a ¢ polarized transmitter. The scattering cross section per square wave-
length (1-111) is labeled SIGMA/(LAMBDA)**2 and further identified by the
parameters NHEC, KT, and KR where KR = 1 denotes a 6 polarized receiver and

KR = 2 denotes a ¢ polarized receiver.

The index K of DO loop 41 obtains the n=I'-1 term in (1-109) and (1-110).
In DO loop 58, NHEC=1 obtains the H-field solutior, NHEC=2 obtains the E-field
solution, and NHEC=3 obtains the combined field solution. In DO loop 27,
KT=1 denotes a 6 polarized transmitter and KT=2 dencres a ¢ polarigzed transmitter.
In DO loop 16, KR=1 denotes a 8§ pclarized receiver and KR=2 denotes a ¢ polarized
receiver. The user can omit computations which are of no interest to him by
changing the statements which introduce DO loops 41, 58, 27, and 16 so as to
regtrict the indi.- ~f these DO loops. The logic in DO loop 58 before state-
ment 59 puts the square matrix on the left-hand side of either the H-field
matrix equation (1-17), the E-~field matrix equation (1-57), or the combined
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field matrix equation (1-88) in Y. The logic in DO loop 27 before state-
ment 53 uses (1-99), (1-100) and (1-104) to put the excitation column
vector on the right-hand side of either the H-field, the E~field, or the
combined field matrix equation in B. Statement 53 puts the solution of
the matrix equation in C. If KT=1, the 1logic in DO loop 13 adds the
n=K-1 term of the t and ¢ components of the numerator of the first of
equations (1-109) to TJ and PJ respectively. DO loop 15 adds the n=K-1
term of the t and ¢ components of the numerator of the second of equations
(1-109) to TJ and PJ respectively. DO loop 16 adds the n=K-1 term of

jkr
Anrr e r s
—————ee B (J
=3n Pq(*)

to E(KE) where E:q<£) is given by (1-110). Here, p is either 6 or ¢, and
q is either 9 or ¢.

Nested DO loops 28, 29, and 30 print out both (1-109) divided by the
propagation constant k and (1-111), The indices NHEC, KT, and KR of these
DO loops have the same meaning as in nested DO loops 58, 27, and 16.

The sample input and output data is for oblique incidence on a
conducting sphere of radius 0.2 wavelengths. Only the n=0 and n=1 terms
in (1-109) and (1-110) are considered. A few more terms may be needed to

obtain reasonable accuracy.
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B. LISTING OF THE MAIN PROGRAM

//PGM JOB (XXXXeXXXX9242) 9" MAUTZ,JOE® yREGION=200K
// EXEC WATFIV
//GOSYSIN DD »

¥ 08 MAUTZ . TIME=2,PAGES=40
c THIS PROGRAM RAN FOR 45 SECONDS ON THE IBM 370/155.
c SUBRCUTINES YNMAT, IMAT, Y2, PLANE, DECOMP, AND SCLVE ARE CALLEC.

COMPLEX UpTJUL120)4PICL20)+EC12),SN,SNR,RT{240) RR(240),Y(1¢€0C)
COMPLEX Z2(1600),B€(402,C(40),UL4CCNJG
DIMENSION RH(42) 42ZH{43),X(20),A120),THT!3) ,THR(3),R2(20),1PS(40)
READ(1,+51) NMJNP,NPHI

51 FORMAT(313)

READ(1,50) BKsTT+PyTRyPRLALP

S0 FCRMAT(SE14.7)
READ{1,461{RE{I),I=],NP)
READ(1,46)(2ZH(1),I=1,NP)

46 FCRMAT(10FB8.4)
READ{L1, S0 X{K)4K=1,NPHI)
READ(1,50)(A(K),K=1,NPHI)
WRITE(3,49) AN,NP,NPHI

49 FORMAT (' NM NP NPHI'/1Xe213,14)
WRITE(3,48) BK,TT,P,TR,PRHALP

48 FORMAT{TXy TBKY 412Xy *TT ¥ 3 13Xe P4 12Xs ' TR y12X,*PRY/IX,SELL.T/TX,* AL

1P*/1X4E14.7)
WRITE(3 445 (RH{I}oI=1,NP)

45 FORMAT{* RH*/{1X,10F8.4))
WRITE{3444) (ZH(I),1=14NP)

44 FORMAT(Y ZH'/(1Xy,10F8.4))
WRITE(3,4T7) {X{K)sK=]1,NPHI)

47 FORMAT{?' X'/(1X,5Fl4.7))
WRITE(3,43) (AL(K) K=L,NPHI)

43 FORMAT(® A'/{1X,5E14.7)1)
N2=NP-3
N=N2/2
N3=N2+N
N4=N2&N2
N6 =6 *N
U={0.v1.)

PI=3,141593
P4=4,0625/P1%%]3
pa=p1/18C.
THT{1)=TT%P8
P=P% P8
THR{1)¥=TR#*p 2
PR=PR*P8

DC 42 J=1,NP
RH(J }=BK*RH{J)
IH{J)=BK*ZIH(J)

42 CONTINUE
CO 17 J=14N
R2{J)=1./RH(2%]+])

17 CONT INUE
00 54 J=1,N6
T4(J}=0,

P4 )=0,

S4 CCNTINUE
DO 55 J=1,12
F{J}¥=0.

55 CONTINUE
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56

61

62

63

66
59

57

31

21

22

313

23

34

24

WRITE(3,9)

FORMAT(YQSANMPLE CUTPUT FRCM SUBRCUTINES®)
DO 41 K=1,NM

ANN=K-1

PN=NN%P

CS=COS (PN}

SK=2 . SIN{PA)SL

PN=NN%*PR

CSR=CAS(FN)

SNR=2,%SIN(FN)*U

IF(NN.EG.O) GO TO 56

€S=2 .%CS

CSR=2,*CSR

LANE=0

DO 58 NHEC=1,3

GO TO {(61462:£2)NHEC

CALL YMATINNNFoNPHI RHyZHeX9A,Y)
WRITE({3,8) Y(1)},Y(2)
FORMAT{1Xy4ELr4.T)

GC TC 59

CALL ZMAT{(NN,NPyNPHI yRHyZHy X9A,Y)
WRITE(3,8) Y{1),Y(2)

GG TO 59

CALL YZUNN NP NPHIyRHyZHoXsA Y1)
WRITE(3,8) Y{1),Y{2),2€(1),2(2)
DO 66 J=14N4
Y(SI=Y(J)+ALP22(J)

CCNTINUE

CALL DECOMPINZ2,IPS,Y)
WRITE({3,8) Y{(1),.,Y(2)
IF(LANE.NE.C) GO TO 57

LANE=1

CALL PLANE{NN Nl +THT,RT)

CALL PLANE{NNsNy1lsTHR4RR)
WRITE(3,8) RT(1),RT{2),RR(1)4RR(2)
DO 27 KT=1,2

L=2% {(NHEC-1)+KT

GO0 YC (31132'33v34935936)0L

DO 21 J=1,N

B{J)=—-RT{J+N3)

B{J+N) ==RT{J+N2)

CONT INUE

GO Y0 53

DO 22 J=1,N

JN=J +N

BlLJY==RT{IN)

B{JIN)=—RT{J)

CONT INUE

GO YC 53

DO 23 J=1,N

B(J)=RT(J)

JN=J+N

S{JINI=-RT{JN)

CONT INUE

GO YO 53

D0 24 J=1,N

BlJ) =—RT{JIEN2)

B{J+NI=RT{J&¢N3)

CONT INUE

GO TQ 53
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35 D0 25 J=1,N
BUJY==RT{J+NI)+ALPX*RT( J)
JN=J N
BUIN)==RTCJI+N2 )=ALP*RT { UN)

25 CONTINUE
GO 70 53

3€ DC 26 J=1,4,N
JN=J ¢N
BUUI==RTUIN)=ALPRRT(J+N2)
BIIN)==RT{J)+ALP*RT( J+N3)

26 CONTINUE

53 CALL SCLVE{(N2,IFS,Y,8,C)
WRITE(3,8) C(1),C(2)
Jl=(L-1)*N
GO TO (11e12)4KT

11 DO 13 J4=1,N
J2=J+4J1
TJd(JI2)=TI(J2)+C(J)*%CS
PJULI2)=PJ(JI21+CLI+N)*SN

13 CONTINUE
60 TO 14

12 B0 15 J=1,4N
J2=J+J1
TIJ2)=TI(I2)+C(J)*SN
PJLJI2)=PI(J2)+4CLI+N)*CS

15 CONT INUE

14 D0 16 KR=1,2
L={KT=-1)%2+KR
KE=43(NHEC-1)+L
Ul=0.

GO TO (T1472472474),L

71 DO 75 J=14N2
Ul=U1+RRIJ}I*C L J)

75 CONT INUE
E(KE)=E(KE)+U1#CSR
GO TO 16

T2 DO 76 J=1,N2
UL=UL+RRJ+N2)2C(J)

76 CONTINUE
E(KE)=E(KE)+U1#SNR
GO0 70 16

73 DO 77 4=1,N2
Ul=UL+RR (J)*({J)

77 CONTINUE
E(KEY=ECKE)+UT*SNR
GO0 70O 16

T4 DO 78 Jz=l4N2Z
UL=UL1+#RR{J#N2)2C (4)

78 CONTINUE
EIKE)=E(KE)+U19CSR

16 CONTINUE

27 CONTINUE

58 CONTINUE

41 CONTINUE
DO 28 NFEC=1,2
DO 29 KT=1,2
WRITE(3,18) NHEC,KT

18 FORMAT{*ONFEC=,13,', KT=*,13)
wWRITE(3,19)

19 FORMAT(? REAL JT IMAG 47 REAL JpP IMAG JP*)

35

S RS AT Lo 2 mses st eemtamns vt e




JI=N¥( 2% NHEC+KT-3)
DO 37 J=14N
J2=J+J1
TJTI2)=TIlJI2)1*R2(J)
PILJI2)1=PI(J2)*R2(J)
WRITE(3,38) TJ(J2),PJ4lJ2)
38 FORMAT(1X,4E11.4)
37T CONTINUE
DG 3C KR=1,2
JI=4ANHEC+2*KT+KR-6
SIG=P4*E(J] }*CINJGIE(JIL))
WRITE(3,10) NHEC,KT,KR,SIG
10 FORMAT (* NHEC='413,", KT=*,13,%, KR=*,[3,', SIGMA/(LAMBDA)*%2="?,E]
ll.4)
30 CONT INUE
29 CONYINUE
28 CONTINUE
sTQp
END
$CAT A
2 21 20
C.125663TF+01 C.3CCCCCOE+02 0.4500000E+02 0.6000000E+02 0.20000C0E+02
€C.2000000E+0Q0
0.0000 C.1564 043090 0.,4540 0.5878 0.,7071 0.8090 C.8S10 C.9511 0.9877
1.0000 0.9877 0.9511 0.8S510 C.8090 O0,707L 0.5878 0.4540 00,3090 0.1564
C. 0000
-1.0360 -C.9877 ~0.9511 ~0.8910 -0.8090 -0.7071L -0.5878 —C.4540 —-C.3090 -0.1564
0.0000 O0.1564 0.2090 00,4540 0.5878 0.7071 0.8090 0.8910 0.9511 0,.9877
1. C300
-C+.993128B6E+00-C+S€2ST719E+(00~C.9122344E400-0.,8391170E+00-0.7463319¢E+00
~0.,636053TE400-0.51C8670E+00-04373T7061E+00-0,2277859E+C0-0.7652652E~C1
0.7652652E-01 0.2217859E40) 0.3737061E+#00 0.5108670E+00 0.63€60537€+00
Ce7463319E+400 0.83S1170E+C0 0.,9122344E+00 0,9639719E+00 0.9931286E+00
0.,1761401E-01 0.4060143E~01 0.,6267205E~01 0.8327674E-01 0.1019301€+00
C.l181945E+400 0.13168E6F+C0 0.1420961E400 0.1491730E+00 0.1527534E+400
01527534E+400 0.14G1730E+00 0.142C961E+00 0.1316886E+C0 0.1181945€4+00
C.1019301E+00 0.83276T4E~01 0.6267205€E-01 0.4060143E-01 0.17614C1E-01
1¢10P
/%
’/

FRINTED QUTPUT
AV NP NPHI
2 21 20
BK 17 P TR PR
(.1256637E+01 C.3CCCOCCF+02 0,4500000E+02 0.,6000000€+#02 0,20000C0E+02
ALP
£+2333CC0E+00
Rt
’ 0.0000 QC.1564 0.2090 0.4540 C.5878 0.7071 0.8090 C.8S10 0.9511 0.9877
1. C200  Q3.9877 J.S511 0.8910 C.80980 0.7071 0.5878 C.4540 (C.3090 0.1564
C.0300
ZH
~ 140000 -Coe9877 -C.S511 ~0.8910 ~-0.8090 -0,7071 -0.5878 ~0,4540 -C.3090 ~0.1564
0.,0000 0.15¢64 «2090 0.4540 0.5878 0.7071 0.8080 (C.8910 C.9511 0.9877
1. 3300
X
~Ce9931286F400-C+962GT719E+00-0.9122344E400-0,.8391170E+00~C,74€63319€E+00
~0,6360537F+00-0.5108670E+4+03)-0.,3737061E400~-0,2277859€E¢00~0.7652652E~C1
C.7652652E~C1 C.2277€59E400 043737061E400 0.,5108670E+00 0,636053TE+00
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Ce7463319E+00 0.8391170E+00 0.9122344E+00 0.9639719E+00 0.9921286E+0Q0
A

0.1761401E-01 0.4060143E-01 0.62672C8E-01 0.8327675E~C1 0.1(163C1E+CQC
0.1181945E+400 0.131€886E¢+C0 0.142C961E+00 0,1491730€+00 0.1527534E+00
0.1527534E+00 0,1451730E+00 0,1420961E+00 0.1316886E+C0 0.1181945€400
Cs1019301E+00 0.8327675E~-01 0,6267208E-01 0,4060143E-01 0.17€¢14C1E-01

SANPLE CUTPUT FROM SLBROUTINES
0.2096914E+01 0.1786422E-01 0.2827516E400 0.3195152E-01
C.2096914E+01 C.178€422E-C1 0.1349617E+00 0,1408762E-01
-C+4120C92E-01 0.4162729E+4+00-0.22515T9E+00 0.,7185605E+CO
~C0e4243653E+00 C.5C08702E+00-C.8416800E+00 0.7853127E+0Q0
-0.1092077€+00-0.1024844€E-01-0.5291492E+00~0.1006212E+00
C.0000000E+00 0,CCCCOQ0E+00 0.0000000€E+00 0,0000000€E+00
C+e3091431E-01-0. 1C75599E+02 0.,5109501E~01 0,6999979E+00
C«3091431€-01-0.1C075599€E+02-0.,6506562E-01 0.4937384E~-(2
—0.1230594E+00-0,1179976E~-01-0.5162898E+400-0,1013399E+00
0.0000000E+00 0.CCOCOCOE+00 C.,000CO00E+0Q0 0.0C0C000E+0CO
C.2096915E+01 0.178€422E-01 0,2827514E+00 0,3195150E-01
0.3091431E-C1-0.1C15599E+02 0.5109501E~01 0,6999979E+Q0
0.2103098E+01-0.2132222€E+01 0.2778168F-01 0.1099419E+(C
~0.1184121E400-0.4237223E~-02-0.5216529E+00-0,1052166E+00
0.0000000€+00 C.CCOCOCOE+00 0,CO0CCOQ00E+00 0.0C00000E+0O
0.2437500E+401~0.1057037€-01 0.5140911E400-0,2176931E-01
C.24317500E+401-0,10570376-01 0.2109438E4+00-0.8016225E~-02
Cu4807118E400-C.8731053E400 0.4201249E¢00-C.7168542E4+C0
Ce3939573E+00-0.4160154E+0) 0.1906640E+00-0.54T6063E+00
C.8035219€~01 0.219S775E+00 0.7623661E~-02 0.3530151€E+C0
0.19186T7T6E+00-0.1372097E+00 0.3329519E+00-0,9042114E~01
Ce1408945E+00-0.5386362E¢01 0.1184365E+00 0.1649075E+01
C.1408945E400~0.5385362E+01-0.3052041E+00 0.2995496E~-C1
C.8862776E-01 0.,2205508E+0) 0.5910277E-02 0.3503525E+00
C.1875597F+00-0.1472804E+00 0.3282781E+00-0.8860910E~01
0.2437500E+01-0,1057036E~01 0.5140910E+00-0.2176930E~C1
C.14089455+00-0.538S3625+01 0.1184365E400 0.1649075E+01
C.2465678E401-0.1C88442E+401 0.1363T794E«00 0.1851363E+00
CeT7738441E-01 0.2207815E+00 0.5051553€E-02 0.,3520448E+00
Cel91T7TS3E+00~0.13€2912E+4C0 0.3317596E+00-0.8850223€E~-01

NFEC= 1, KT= 1

REAL JT7 IMAG JT REAL JP IMAG JP

01 140E-01 0,T7T45E+00-0.3095E4¢00-0,7744E+00
~C T018F+00 0.53ST7E+(0~-0.,2263E¢00~-C.5920E+00
-0,1187E+01 0.1405E+CC-0,2110E400-0.3438E+00
~Cel440E401-0.3538E+C00~0,3408E+00-0.,1353E+00
~Col410E401-0.8C9SE+(0~0.,95889E¢00-C.1008E+00
~0s1199E+01-0.1133E401-0.,8275E+00~-C.2960E+00
-(.9433E400-0.13CBE+C1-0.9319€+00-2.589E+00
~0,7498E400-0.1383E+C1-0.8846E+00-0.1010E+01
“Ce?116E400-N0.,1372E4C1~0,7766E+400-0.1266E+01
NFEC= 1y KT= 1y KR= 1, SIGMA/{LAMBOA)*%2= (,3550E+00
NEEC= 1y KT= 1y KR= 2, SIGMA/{LAMBDA)*%*2= (0,3835E-01

NHEC= 1, KT= 2
REAL JT IMAG JT REAL JP IMAG JP
Ce499T7E+00 0.698EE+CO 0.5100E+00 C.5274E+00
Cel 731E400 0.6375€E4C0 0.5812€+00 C.1925E+00
~C.2673E400 0.4801E+00 0.,8414E+090 0.6892E-01
-0.7001E+00 0.,2035E+CC 0.,1144E¢+01 0.22356+00
~0.1004E¢01-0.1645E4C0 0.,1288E+01 0.6264E+00
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-0.1116E+01-0.,5484E+(C 0,1190E+0Q1 0.1076E+01
~0.1058E+01-0,8667E+C0 0.9518E¢00 0.1381E+01
~Ce9129E+00-0, 1CTSE+C1l 0.T4L9E+00 C.1496E+¢0)
~0.T720E4+00-041177E4C1 0.6952E+¢00 C.1346E+01
AHEC= 1, KT= 2, KR= 1, SIGMA/{LAMBDA)**2=
NHEC= 1y KT= 2, KR= 2, SIGMA/(LANBDA)*#*2=

NHEC= 2, KT= 1

REAL JT IMAG JT REAL JP IMAG JP

C.5869E-02 0.7729E+00-0,3745E+400-C.8135E+00
~C.6876E+0C 0.5336E+(C-0.1304E+00~-C.5761E+00
~0e1194E+401 041322E4C0~0.2399E+00~C.3514F+00
~Ce1434F¢01-0,3588E+C0-0.3084€E400~u.7,24E-01
~Cel408E+401-0.8132E+C0-0.6047E+00-0.8353E~-Cl
-C.1191E401-0,1136E+C1-0.8651E+00-C.26C6E+0Q0
~Ce9372E40C-041212E+C1-C,941L1E+00~C.6TT7E+QO
-0.7382E+400-0.1390E401-0.,9732E+00-0.1011E+01
~Ce6682E+00-0.1430F+01-0.7495€400~-0.1341E+01
NHEC= 25 KT= 1, KR= 1y SIGMA/ILAMBDA)*%*2=
NFEC= 24 KT= 1, KR= 2, SIGMA/{LAMBDA)*#%2=

NHEC= 2y KT= 2

REAL J7 IFAG JT REAL JP IMAG JP

0.2916E-01
0.3866E+00

0.5368E+00 0.6831E+CO

0.1696E+00 0.,6285E+00
-C.2848F+0C 0.4730E+CO
-0+7116E+00 0.1975E+400
-0.,1017E+01-0.1681E+Q0
~0.11226+401~0.5508E+CO
-0.1065E4+01-0.86832E+CQ
-Ce9066E+00-J.1079E+01
~0.T407€E400-0,1181E+C1l

0.5764E+00
0.4836E+00
0.8914E+00
0«1144E+01
0.1335E+01
0.1233E+01
0.9481E+¢00
1.8055E+00
0.6582E+00

C.5256E+00
C.1829E+00
0.3695E-01
C.1921E+00
0.6229E+00
C.1095€£+01
C.1433E+01
0.1541E¢01
Cel4l6E+01

NHEC= 24, KT= 2, KR= 1, SIGMA/{LAMBDA)*%2=
N-EC= 24 KT, 2, KR= 2, SIGMA/(LAMBDA)**2=

NEC= 3, KT= 1
REAL JT IMAG JT REAL JP IMAG JP

~0.2311E-01 0,7932E400-0.3317€E+400-C.7718E+00
~Cs6966E+00 045316E4+C0—-0.2239E+00-C.5899E+00
-0.1195F+01 0.1346E+C0-0.2115€E400-0.3417E+00
~Ce1438E4#01-0.361TE+C0-0.3401E+00~0.,1333E+00
~(C,14066#+01-C.81T7T1E4+C0-0.,5890E+00-C.9960E~01
~0.1191E+01-0,1138F+401-0.8276E+00-C.2952E+00
~(+9329E+0C~0.1311F+C1-C,9335E+00-C.6489E+00
~0eT433E+00-0.1378E+C1-0.,8864E+00-0.1007E+01
~CeT7068E+00-04,1370E+4C1-0.7994E+00-0.1275E+01

NFEC= 3' KT= 19 KR=
NFEC= 3, KT= 1, KR=

NHEC= 3, KT= 2

REAL JT INAG JT

C.492TE+¢00 0.6985E¢CO
0.1694E+00 0.6352F¢CO
-C.2T16E+30 J.4793F+Q0
~0,7TO011F¢00 0.2026E+QCD
~C.1002F+01~0.1654F+CO
-C.1111E+01~-0.549CE+(C
~0.1052E401-0.8663F¢00
~Ce9062E+00-0.1074E+C1
~0,77006+00-0,1169F+01

1, SIGMA/(LAMBDA)*#2=
2e¢ SIGMA/ (L AMBDA)**2=

REAL JP
0.5317E+00
0.5816E+00
J.R441E+00
0.1145E+C1
0.,1287€+01
0.1186E¢01
0.9495E+00
J.7398E+00
0.7135€E+00

IMAG JP
C«51%8E+00
C.1870E+00
0.6579€-01
0.2232E+00
0.6279E+00
0.1077E+01
C.1383E+01
0.1495E+01
0.13%3E+01
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0.3546E+00
0.3856E-01

0.2954E-01
0.3880E+00

043546E+00
0.3821€-01



ANFEC= 3, KT= 2, KR= 1, SIGMA/{LANMBDA)**2= 0.2903E~-01
NFEC= 3, KT= 2, KR= 2, SIGMA/(LAMBDA)*#2= 0.3845E+00
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VITI. EXAMPLES AND DISCUSSION

Some examples of computations obtained from the computer program
are given in the previous report [1]. We here give some additional ex-

amples to illustrate the use of the program.

As discussed in {1], the para;eter o in the combined field solution
should be taken 0 < a < 1, with a value of the order of 0.2 normally giving
good results. To give some additional information on this choice, Table
1 gives the RMS error in current (A) and the backscattering (o/naz) for
a conducting sphere of radius a. The three values ka = 1.50, 2.75, and
4,00 were chosen for ka, and the parameter o was varied from 0.2 to 1.0.
Also shown are results for the H-field solution (a = 0) and for the E-field
gsolution (o = »), The exact values of Ulna2 are shown in the last row, com-
puted from the spherical mode solution [4]. As is evident from the table,
the value a = 0,2 always gave good results, but the error was small for any

value of a from 0.2 to 1.0.

Table 1. RMS Error in current (A) and Backscattering (c/naz) for various
solutions for a conducting sphere of radius a. H-field solution corresponds

toa = 0, E-field solution corresponds to a = =,

RMS error in (4) Backscattering (c/naz)

ka = 1.50 2.75 4.00 1.50 2.75 4.00

H-field 0.0132 -0.1342 | 0.0243 1.076 0.8702 0.7274
a= 0,2 0.0118 0.0164 0.0274 1.075 0.8645 0.7842
a= 0.4 0.0117 0.0187 0.0362 1.070 0.8648 0.7821
a= 0.6 0.0127 0.0211 0.0447 1.065 0.8647 0.7912
a= 0.8 0.0141 0.0233 0.0516 1.060 0.8645 0.8040
= 1,0 0.0154 0.0254 0.0571 1.057 0.8637 0.8159
E-field 0.0514 0.5991 0.1894 1.043 0.8246 0.8586
Exact 0 0 0 1.076 0.8552 0.7853

The problem of scattering by a conducting right circular cylinder of

cross sectional radius a and height 2a was considered to illustrate further
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the effect of internal resonance on the various solutions., The exci-

tation is a plane wave axially incident on the flat end of ithe cylinder,

The first internal resonance varying as cos ¢ occurs at ka = 2,42 approxi-
mately. Figure 1 shows the normalized backscattering cross section (c/xz)

in the vicinity of the first internal resonance. The range of ka is from
2.37 to 2.47 in increments of 0.005. Note that the internal resonance had
no observable effect on the combined field solution with a = 0.3 (triangles),
a small effect on the E~field solution (circles), and a larger effect on the

H-field solution (squares).

To estimate the RMS error in the current, the combined field solution

was considered to be the exact solution. The RMS error is then defined as
JI l:l-;lclz ds 1/2

[

where g? is combined field solution and the integration is over the sur-

[}

an

face of the scatterer., Figure 2 shows A for the right circular cylinder
vs, ka in the vicinity of the first internal resonance. Note that the
greatest RMS error occurs in the E~field solution (circles), with a some-
what smaller error in the H-field solution (squares). However, since the
H-field eigencurrents radiate external to the cylinder, and the E-field
eigencurrents do not (at least theoretically), the H-field backscattering
crogss section suffers a greater error at resonance than does the E-field

backscattering cross section (Fig. 1).

In the E-field solution a resonance phenomena sometimes occurs that
is unrelated to any internal resonance. For example, in the case of a
sphere there was a small peak in A at about ka = 1.3 (Figure 5, reference
{1]). In that case the resonance effect was too small to show up in the
backscattering cross section (Figure 6, reference [1}]). This E-field
"false resonance" effect was also found to occur in the case of scattering
by a flat-back cone. The cone geometry is shown in Fig. 3. The cone
geometry is shown in Flg., 3. The excitation is a plane wave axially
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Normalized radar cross section (u/A?) vs ka in the vicinity

of the first cos ¢ internal resonasnce (ka = 2.42) for a

closed conducting circular cylinder of radius a and height 2a.
The H-field solution is shown by squares, the E-field solution
by circles, and the combined field solution with a = 0.3 by
triangles. The excitation is an axially incident plane wave.
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Fig. 2.
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RMS error (A) in current vs. ka in the vicinity of the first
cos ¢ internal resonance (ka = 2.42) for a closed conducting
circular cylinder of radius a and height 2a, The combined
field solution with a = 0 3 was assumed to be the exact solu-
tion., The H-field solution is shown by squares and the E-
field solution by circles. The excitation is an axially
incident plane wave.
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incident on the tip of the cone. Figure 4 shows the normalized cross
section (o/kz) vs. frequency in the vicinity of an E-field false resonance,
which occurred at 0.9 fo’ where f0 is the frequency at which a = 31/16.
Note that the E-field solution (circles) suffers a considerable perturba~
tion at this false resonance, while the H-field solution (squares) and
the combined-field solution (triangles) are unaffected by it. Again a

is taken to be 0,3 in the combired field solution. It should also be
noted that the H-field solution differs from the combined field solution

by an appreciable amount in this range of frequencies.

Figure 5 shows the RMS error in current for the E~field and H-field
solutions in the vicinity of the false resonance for the flat-back cone.
Again the combined field solution with o = 0.3 is taken tc be the exact
solution, with A computed according to (17). Note that there is no
resonance effect apparent in the H-field solution, even though there is
a large effect in the E-field solution. It is felt that this false
resonance is a consequence of energy storage due to the current being
approximated by triangular expansion functions. If this is a correct
conjecture, the resonance would probably not be present at the same
frequency if the expansion functions were changed, but might occur at

a different frequency.

In summary, we repeat that for the combined field solution a should
be chosen in the range 0.2 < a < 1. At internal resonances, the RMS
error in current is greater for the E-~field solution than for the H~field
solution. However, the scattering cross section error is usually smaller
for the E-field solution than for the H-field solution. No effects due
to internal resonances have ever been observed in the combined-field
solution. Finally, the E~field solution sometimes exhibits a false
resonance effect, giving incorrect solutions at some frequency which

does not correspond to an internal resonance.

by




Fig. 3. A conducting flat-back cone of base radius a and
cone angle 90°,
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Fig. 4. Normalized radar cross section (g/A?) vs. frequency in the
vicinity of an E~field solution false resonance (a = 31/16
at fo) for a flat-back cone of radius a and 90° cone angle.

The H-field solution is shown by squares, the E~field solu~
tion by circles, and the combined field solution with o = 0.3
by triangles. The excitation is a plane wave axially inci-
dent on the cone tip.
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Fig. 5.
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RMS error (A) in current vs. frequency in the vicinity of aa
E~field solution false resonance (a = 3A/16 at fo) for a flat-

back cone of radius a and 90° cone angle. The combined field
solution with a » 0.3 was assumed to be the exact solution.
The H-field solution is shown by squares and the E~field solu-
tion by circles. The excitation i1s a plane wave axially inci-
dent on the cone tip.
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METRIC SYSTEM
BASE UNITS:
. Quantity Unit _Si Symbol _Formula
length metre m
mass kilogram kg
time second s
alectric current ampere A
thermodynamic temperature kelvin K
emount of substance mole mol
luminous intennity condela cd
SUPPLEMENTARY UNITS:
piane anglc redien tad
schd angle steradian 1
DERIVED UNITS
Accelerston metre per second squared
sctivity {of a radicective source) distntegration per second (disintegration)s
angular acceleration redian per second squared rad/s
angular velocity radian per second rad's
ares square metre m
darsity kilagram per cubit. metre . kg/m
siectn capacitance farad F AV
slactrical conductance siemens ) AN
electric fisld strength volt per metre Vim
electnc nductance henry H V-o/A
electric patentia) difference volt \' WIA
electric resistance chm VIA
electromotive force volt v WIA
energy wule } Nm
entropy joule per kelvin 7.8
force newton N kgmis
frequency hertz He (cyclals
itluminance lux Ix Im/m
iuminance candela par square metre - odim
jumsnous flux lumen im cd-er
magnetic. field strength xmpere per metre Am
magnetic flux weber wb Vs
magnetic flux density tesla T Whim
magnetomative force smpera A
power walt w Is
pressure pascal Ps N'm
ettty Of afectncity coulomb C As
gnantity of hest joule ) Nem
radiant intensity walt per sterachan Wise
specific heat soule 1 e kilogram-kelvin . Vg
stress pastal Pa Nim
thermal conducfivity walt par metre-kalvin . Wim-K
velocity metre per secand m/s
viscosity dynamic pascal-second Pas
viscosity, kinematic square metre per second mis
vollage volt \Y WIA
volume cubic metre . m
wavenumber reciprocal metre (waveym
work joule } Nem
SI PREVIXES:
Multiplic stion Factors Prefix Si Symbol
1000 (K 10K 000 - 161 tors T
1 000 000 000 = 104° gige '
100000 - 10° mags M
1000 = 10" kito k
100 = 107 hecto® h
10 - 10° deka® de
oy w0 dect* d
vot1 - 102 conti® c
Hoor  10-Y milli m
G001 107 micro '
DIKK D00 61 40 Y nano n
¢ 000 00h 600 001 16 1
(4 000 OO0 000 (00 D1 g » ﬁ:‘o r
€ OO0 D00 00O B00 B0 001 10 0 stto [ ]

* 7 be avouded where possibic

m;nma S
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